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Abstract Haemodynamic factors play an important role
in the etiology of cerebral lesions in preterm infants.
Respiratory distress syndrome (RDS), a common
problem in preterms, is strongly related with low and
fluctuating arterial blood pressure. This study investi-
gated the relation between mean arterial blood pressure
(MABP), fractional cerebral oxygen saturation (ScO2)
and fractional (cerebral) tissue oxygen extraction
(FTOE), a measure of oxygen utilisation of the brain,
during the first 72 h of life. Thirty-eight infants (gesta-
tional age < 32 week) were included, 18 with and 20
without RDS. Arterial oxygen saturation (SaO2),
MABP and near infrared spectroscopy-determined ScO2

were continuously measured. FTOE was calculated as a
ratio: (SaO2–ScO2)/SaO2. Gestational age and birth
weight did not differ between groups, but assisted ven-
tilation and use of inotropic drugs were more common
in RDS infants (P<0.01). MABP was lower in RDS
patients (P<0.05 from 12 up to 36 h after birth), but
increased in both groups over time. ScO2 and FTOE
were not different between groups over time, but in RDS
infants ScO2 and FTOE had substantial larger variance
(P<0.05 at all time points except at 36–48 h for ScO2

and P<0.05 at 12–18, 18–24, 36–48 and 48–60 h for
FTOE). During the first 72 h of life, RDS infants
showed more periods of positive correlation between
MABP and ScO2 (P<0.05 at 18–24, 24–36 36–48
48–60 h) and negative correlation between MABP and
FTOE (P<0.05 at 18–24, 36–48 h). Although we found
that the patterns of cerebral oxygenation and extraction

in RDS infants were not different as compared to infants
without RDS, we suggest that the frequent periods with
possible lack of cerebral autoregulation in RDS infants
may make these infants more vulnerable to cerebral
damage.
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Introduction

The etiology of cerebral lesions such as periventricular/
intraventricular haemorrhages (PIVH) and/or ischemic
lesions such as periventricular leukomalacia are not fully
understood. Although probably multifactorial, haemo-
dynamic factors seem to play an important role here
(Volpe 2001; Dammann and Leviton 1997; Osborn et al.
2003; Hunt et al. 2004). Previous studies reported a
strong association between preterm infants with the
lowest arterial blood pressure and the occurrence of
PIVH. These findings suggest that underperfusion and
subsequent deoxygenation with or without disturbances
in the autoregulatory ability of the cerebral circulation is
an important etiological factor for cerebral damage in
these sick preterm infants (Miall-Allen et al. 1987; Bada
et al. 1990).

Severe respiratory distress syndrome (RDS), a com-
mon and serious problem in the extremely preterm baby,
is strongly related with low blood pressure and fluctua-
tions in perfusion of the immature brain. Moreover,
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RDS is a well recognised risk factor for PIVH (Perlman
et al. 1983; van Bel et al. 1987; Volpe 2001; Krediet et al.
2002). We therefore hypothesize that preterm infants
with severe RDS have lower and less stable arterial
blood pressures as compared to preterm infants without
RDS, leading to disturbances of oxygenation of the
brain in the first days of life.

To investigate this hypothesis we simultaneously
monitored both arterial blood pressure and near infra-
red spectroscopy measured cerebral oxygenation and
oxygen extraction in 38 preterm infants admitted con-
secutively with or without severe RDS during the first
72 h of life (Tsuji et al. 2000; Hintz 2001; Naulaers et al.
2002; Naulaers 2003).

Methods

Patient population

Thirty eight infants, 18 with RDS and 20 without RDS
(No-RDS), with a gestational age (GA) of less than 32
completed weeks, consecutively admitted to the neonatal
intensive care unit (NICU) of the Wilhelmina Children’s
Hospital, were included in the present study. Infants
with PIVH at birth, congenital malformations or infants
older than 12 h after birth were excluded. Informed
parental consent was obtained in all cases. The Medical
Ethical Committee of the University Medical Centre
Utrecht approved the present study.

Clinical data

Obstetrical and intrapartum data were collected from the
hospital records. Neonatal data were collected prospec-
tively. The arterial oxygen saturation (SaO2) was contin-
uously measured by pulse oxymetry on a limb. Arterial
blood pressure was monitored continuously by an
indwelling arterial catheter (umbilical, tibial or radial ar-
tery) in all infants. Blood pressure support was started
according to the decision of the attending neonatologist as
indicated by the guidelines used in our NICU (e.g. starting
blood pressure support if the mean arterial blood pressure
in mmHg was lower than the gestational age in weeks). A
blood pressure support scoring system, depending on the
intensity of the treatment, was used to assess the intensity
of blood pressure support (Krediet et al. 2002): Score 0:
no support; score 1: volume expansion and/or dopa-
mine £ 5 lg/kg/min; score 2: dopamine >5 £ 10 lg/kg/
min; score 3: dopamine > 10 lg/kg/min or dopamine
and dobutamine £ 10 lg/kg/min; score 4: dopamine +
dobutamine > 10 lg/kg/min; score 5: additional adren-
aline and/or corticosteroids.

RDS was defined as respiratory distress in a preterm
infant with signs of RDS on the X-ray, the need of as-
sisted ventilation and surfactant therapy (at least one
gift). Treatment decisions were made by the attending
neonatologist: ventilator settings were adjusted accord-

ing to clinical and laboratory parameters (arterial pCO2

40–50 mmHg; arterial pO2 60–80 mmHg) and surfac-
tant was administered according to the guidelines used
in our NICU.

Monitoring cerebral tissue oxygenation

Because movement artefacts of the sensor fixed on the
head of the baby prohibits reliable monitoring of
changes in oxygenated, deoxygenated and total haemo-
globin (HbO2, HbD, HbTot) using near infrared spec-
troscopy (NIRS) in the clinical situation during longer
periods of time, we used the fractional cerebral oxy-
genation as a reliable estimator for changes in tissue
cerebral oxygenation (Toet et al. 2005). Because abso-
lute values are provided here, ScO2 is less dependent on
movement artefacts and comparisons over time are
possible (Naulaers et al. 2002; Naulaers 2003). Frac-
tional cerebral tissue oxygen extraction (FTOE) can
then be calculated from ScO2 and arterial oxygen satu-
ration (SaO2) (see also below).

We used the near infrared spectrometer (INVOS
4100, Somanetics Corp., Troy, Mich). A transducer
containing a light emitting diode and two distant sensors
was attached to the fronto-parietal side of the neonatal
skull. ScO2 was calculated from the differential signal
obtained from these two sensors, expressed as the ve-
nous-weighted percent oxygenated haemoglobin [HbO2/
HbTot (HbTot=HbO2 + HbD)] (Wyatt et al. 1986;
Edwards et al. 1988; Pryds et al. 1990; Naulaers et al.
2002; Naulaers 2003).

To investigate the balance between oxygen delivery
and oxygen consumption, a relative fractional tissue
oxygen extraction measurement can be formulated as a
ratio: (SaO2�ScO2)/SaO2. An increase in FTOE reflects
an increase of the oxygen extraction by brain tissue
suggesting a higher consumption than delivery of
oxygen. On the other hand, a decrease of FTOE sug-
gest less utilisation of oxygen by brain tissue in com-
parison with the supply (Naulaers et al. 2002; Naulaers
2003).

Study design

Monitoring and recording of the arterial blood pressure,
heart rate, SaO2 and ScO2 were started as soon as pos-
sible after birth up to 72 h of life. All variables were
collected simultaneously and stored on a personal
computer for offline analysis (software: Poly 5, Inspek-
tor Research Systems, Amsterdam NL), with a sampling
frequency of 10 Hz.

The arterial haemoglobin concentration was mea-
sured daily, or more frequent if indicated. Arterial blood
gasses were measured every 4 h in both groups during
the first 24 h or more frequent if necessary and less
frequent between 24 and 72 h of life if the clinical situ-
ation was stable.

459



Cranial ultrasound studies were performed shortly
after birth or at admission and repeated every 24 h
during the first 3 days (or more frequently if indicated),
at the end of the first week and weekly thereafter by the
attending neonatologist. PIVH was graded, as reported
previously (de Vries et al. 1998): Grade I: small germinal
layer haemorrhage; Grade IIa: germinal layer haemor-
rhage plus IVH, filling the lateral ventricle < 50%;
Grade IIb: large IVH filling the lateral ventricle > 50%;
Grade III: IVH associated with (unilateral) parenchymal
involvement owing to venous of haemorrhagic infarc-
tion. The presence or absence of thermodynamically
significant patent ductus arteriosus (PDA) was investi-
gated at least daily or more frequently if appropriate,
according to standard echocardiographic indices.

To reduce the number of data to a more acceptable
amount and to be able to make comparisons between
the various postnatal time points, a period of 60 min of
reliable monitoring was taken from each patient between
the following time windows: 6–12, 12–18, 18–24, 24–36,
36–48, 48–60 and 60–72 h after birth. Preferably, we
selected 60 min halfway the above-mentioned time
window, without medical or nursing interventions. In a
minority of cases these interventions forced us to choose
a stable period with a slightly different time frame. The
mean values of the mean arterial blood pressure
(MABP) (mmHg), SaO2 (%), ScO2 (%), FTOE (1/1),
arterial haemoglobin concentration (mmol/l) and arte-
rial pCO2 (mmHg) were calculated over each period of
60 min.

Statistical analysis

Data are summarised as mean values ± SD or as
median values and ranges where appropriate. Student’s
t test or chi-square test compared patient characteristics
and differences in blood pressure support score. The
Mann-Whitney U test and the Levene’s test for equality
of variances were used to assess differences between the
groups at the various time points; differences between
MABP, ScO2 and FTOE within groups (shown as Box-
and-Whisker Plots) were evaluated by ANOVA for
repeated measurements to assess changes within groups
over time. Adjustments for multiple comparisons were
made by a Bonferroni post hoc test. To obtain an
indication for a possible relationship between MABP
on the one hand and ScO2 or FTOE on the other hand,
correlation coefficients using simple linear regression
analysis were performed over the four 15 min periods
during each 60 min period (see also study design). A
significant correlation coefficient was supposed to be a
clinically relevant finding indicating a passive relation-
ship between MABP on the one hand and ScO2 or
FTOE (r>0.50) and r<�0.50, respectively) on the
other. A P<0.05 was considered statistically signifi-
cant. For statistical analysis SPSS version 12.0 was
used.

Results

Clinical characteristics

The clinical characteristics of the RDS and No-RDS
groups are shown in Table 1. Gestational age and birth
weight were not significantly different between groups.
Assisted ventilation was significantly more often needed
in RDS infants (100%) as compared to No-RDS infants
(P<0.05). Eight RDS patients (44.4%) needed therapy
(indomethacin) for ductus arteriosus closure in the first
72 h compared to none of the No-RDS patients. The
occurrence of PIVH was higher in the RDS group [n=7
(39%) in RDS-infants; n=3 (15%) in No-RDS-infants].
Severe PIVHs were exclusively found in the RDS group
[five vs. none Grade IIa PIVH in No-RDS infants
(P<0.01)]. Blood pressure support was significantly
more needed in the RDS group as compared to the No-
RDS group (P<0.01).

Patterns of MABP, ScO2 and FTOE

During the first 72 h of life the MABP increased sig-
nificantly in both groups: from 33 mmHg in the 6–12 h
period to 38 mmHg in the 60–72 h period in the RDS
group and from 35 mmHg to 41 mmHg in the No-RDS
group [significant at 6–12 vs. 60–72 h period (P<0.05)].
The MABP was lower in RDS infants as compared to
No-RDS infants [significant at 12–18 and 18–24 h
(P<0.05)]. The ScO2, as a measure of cerebral oxygen-
ation, was stable in both groups over time. The variance
of the ScO2 in the RDS group was however considerably
larger [significant at all time periods except 24–36 h
(P<0.05)]. The FTOE, indicating cerebral O2 extrac-
tion, showed a small rise in RDS infants over time (from
0.25 to 0.28), and a small decrease in No-RDS infants
(from 0.28 to 0.26); however, no significance was
reached. FTOE in RDS infants showed a larger variance
as compared to No-RDS infants [significance was
reached at 12–18, 18–24, 36–48 and 48–60 h (P<0.05)].
MABP, ScO2 and FTOE (medians and ranges) are
shown in Fig. 1.

Figures 2a, b and 3a, b show the individual correla-
tion coefficients between MABP and ScO2 and between
MABP and FTOE in the various time periods. A cor-
relation coefficient was calculated every 15 min during
the 60 min period in each infant. As shown in Fig. 2a
and b, there were more 15-min periods with a positive
correlation between MABP and ScO2, as well as a neg-
ative correlation between MABP and FTOE in the RDS
group in comparison with the No-RDS group. Fig-
ures 2c and 3c show the percentage of a significant
correlation coefficient (r>0.50) between MABP and
ScO2 and between MABP and FTOE (r<�0.50) during
the various time periods in both groups. There were
more periods of a significant correlation at all points of
time in RDS infants. Significance of these parameters in
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RDS versus No-RDS infants was reached for MABP
and ScO2 at 18–24, 24–36, 36–48 and 48–60 h and for
MABP and FTOE at 18–24 and 36–48 h.

Two representative individual examples of the rela-
tions between MABP and ScO2, and MABP and FTOE
respectively as a function of time (60 min), which were
derived between 18–24 h of one RDS infant and of one
No-RDS infant are shown in Fig. 4a and b. From these
individual tracings it is clear that in the RDS-infant
(Fig. 4a) ScO2 and FTOE follow the fluctuations in
MABP, strongly suggesting a correlation between
MABP on the one hand and ScO2 and FTOE on the
other (see also correlation plots in Fig. 4a). The tracing
of the No-RDS-infant, on the other hand, shows an
apparent independency of the ScO2 and FTOE patterns
from the pattern of MABP (Fig. 4b). The individual
differences shown in Fig. 4 are illustrative for the dif-
ferences in the MABP versus ScO2/FTOE relationships
between both groups.

Patterns of haemoglobin and pCO2

The mean haemoglobin concentrations were not signif-
icantly different in time or between groups. All values at
any time in both groups were always in the normal range
(8.5–10.7 mmol/l). Although the pCO2 was always
within the normal range (40–50 mmHg) in all patients,
the mean pCO2 in RDS patients was significantly higher
at the time periods 36–48, 48–60 and 60–72 h.

Discussion

The results of the present paper show lower arterial
blood pressures in infants with severe RDS during the

first 36 h of life. Moreover, in contrast with the infants
without RDS, a substantial need for blood pressure
support was often needed in RDS infants to prevent
frank hypotension in this group. This confirms earlier
studies of our group and others, revealing lower blood
pressures and, in particular, a significantly increased
need for blood pressure support in infants with RDS.
Moreover, these studies also showed that severity of
RDS was linked with blood pressure and the need for
blood pressure support (Krediet et al. 2002; van Bel
et al. 2004).

There is no direct relation between NIRS-measured
cerebral tissue oxygenation and/or cerebral oxygen
extraction on the one hand and arterial blood pressure
on the other hand, when relying on averaged values
obtained over a longer period of time (60 min) and de-
rived from relatively stable tracings. These findings are
in line with a recent study of Kissack et al. (2004).
However, our results also revealed substantial and often
significantly larger variances of ScO2 and FTOE in RDS
infants as compared to infants without RDS, suggesting
more fluctuations of ScO2 and FTOE in RDS infants
(see also Fig. 1).

Even more important was that a more detailed
analysis of the actual tracings (see also Fig. 2, 3, 4)
showed that infants suffering from RDS had signifi-
cantly more periods of a positive and a negative rela-
tionship between MABP and ScO2, and MABP and
FTOE respectively, during all periods of time studied, as
compared to infants without RDS. Tsuji et al. (2000)
already reported that critically ill preterm infants often
exhibited a correlation between cerebral oxygenation
and MABP, but they did not investigate this correlation
in relation with RDS. These investigators and others
(Ozdemir et al. 1997; Tsuji et al. 2000) suggest that
this indicates an impairment of the cerebral-vascular

Table 1 Important clinical
characteristics

RDS respiratory distress
syndrome, PDA patent ductus
arteriosus, PIVH periventricu-
lar/intraventricular
haemorrhage

Clinical data RDS (n=18) No-RDS (n=20) P

Gestational age (week: mean ± SD) 28.6 (1.32) 29.3 (1.74) NS
Birthweight (grams: ±SD) 1095 (230) 1149 (369) NS
Sex (m/f) 9/9 10/10 NS
Apgarscore [median and (range)]
1¢ 6 (1–9) 7 (1–10) NS
5¢ 8 (6–10) 9 (4–10) NS
Assisted ventilation [n (%)] 18 (100%) 1 (6%) <0.05
Maximal blood pressure support score
0 4 (22.2%) 17 (85%) <0.01
1 4 (22.2%) 3 (15%) <0.05
2 4 (22.2%) 0 <0.01
3 2 (11.1%) 0 <0.01
4 0 0 <0.01
5 4 (22.2%) 0 <0.01
PDA [n (%)]
<72 h post natal 8 (44.4%) 0 <0.01
>72 h post natal 0 3 (15%) <0.01
PIVH [n(%), post natal development]
Grade 1 2 (11%) 3 (15%) <0.01
Grade IIa 5 (28%) 0 <0.01
Grade IIb 0 0
Grade III 0 0
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Fig. 1 Medians and ranges of the arterial blood pressure (MABP),
fractional cerebral oxygenation (ScO2) and fractional tissue oxygen
extraction (FTOE) of preterm infants with RDS (n=18) and No-

RDS (n=20) measured during 60 min periods between 6–12,
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Fig. 2 Individual correlation coefficients between mean arterial
blood pressure (MABP) and fractional cerebral oxygenation (ScO2)
in No-RDS patients (n=20) (a) and RDS patients (n=18) (b). Four
individual Pierson correlation coefficients were calculated (every

15 min) during each 60 min periods (6–12, 12–18, 18–24, 24–36,
36–48, 48–60, 60–72 h of life) A correlation coefficient r>0.50 was
significant and supposed to be relevant. c Percentage of a significant
correlation coefficient (r>0.50) in RDS and No-RDS infants
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Fig.3 Individual correlation coefficients between mean arterial
blood pressure (MABP) and fractional tissue oxygen extraction
(FTOE) in No-RDS patients (n=20) (a) and RDS patients (n=18)
(b). Four individual correlation coefficients were calculated (every
15 min) during each 60 min periods (6–12, 12–18, 18–24, 24–36,

36–48, 48–60, 60–72 h after birth) A correlation coefficient
r<�0.50 was significant and supposed to be relevant. c Percentage
of a significant correlation coefficient (r<�0.50) in RDS and
No-RDS infants

464



a

40
45
50
55
60
65
70
75
80
85
90

20 25 30 35 40 45 50

MABP (mmHg)

S
cO

2 
(%

)

0,20

0,25

0,30

0,35

0,40

0,45

0,50

0,55

20 25 30 35 40 45 50

MABP (mmHg)

F
T

O
E

 (
1/

1)

20

25

30

35

40

45

50

55

60

65

70

75

80

1 5 9 13 17 21 25 29 33 37 41 45 49 52 57

Time (min)

0,00

0,10

0,20

0,30

0,40

0,50

0,60

0,70

0,80

0,90

1,00

ScO2 (%)

MABP (mmHg)

FTOE (1/1)

20

25

30

35

40

45

50

55

60

65

70

75

80

1 5 9 13 17 21 25 29 33 37 41 45 49 52 57

Time (min)

0,00

0,10

0,20

0,30

0,40

0,50

0,60

0,70

0,80

0,90

1,00

ScO2 (%)

MABP (mmHg)

FTOE (1/1)

0,20

0,25

0,30

0,35

0,40

0,45

0,50

0,55

20 25 30 35 40 45 50

MABP (mmHg)

F
T

O
E

 (1
/1

)

40
45
50
55
60
65
70
75
80
85
90

20 25 30 35 40 45 50

MABP (mmHg)

b 

S
cO

2 
(%

)

Fig. 4 Representative simultaneous tracings of mean arterial blood
pressure (MABP), fractional cerebral oxygenation (ScO2) and
fractional tissue oxygenation extraction (FTOE) during a 60 min
period between 18–24 h of a RDS infant (a) and a No-RDS infant

(b). The related scatter plots of the MABP–ScO2 and the MABP–
FTOE relationships are depicted on the upper part of the graph for
both infants
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autoregulatory ability causing substantial fluctuations in
cerebral perfusion and oxygenation. The examples in
Fig. 4, which are representative for the patterns of
MABP, ScO2 and FTOE in RDS or No-RDS infants
respectively are indeed very suspect for an impairment in
cerebral autoregulation in RDS infants, but do not
prove it, since the present study measured cerebral
oxygenation and extraction and not actual brain blood
flow.

Nonetheless, we feel that NIRS-determined ScO2 and
FTOE may help to elucidate whether or not RDS is
causally related to brain injury and in particular with the
occurrence of (severe) PIVH (Tsuji et al. 2000; Dasgupta
and Gill 2003). Having made the above mentioned
assumptions regarding the NIRS measured oxygenation
(ScO2) and oxygen extraction (FTOE), it must be
admitted that NIRS is a non invasive method that reli-
ably reflects changes in intracranial mixed saturation,
but that no reliable absolute values are provided (Ozd-
emir et al. 1997; Dasgupta and Gill 2003; Kissack et al.
2004). The same is true for the NIRS-measured FTOE,
which can be merely used to assess changes in oxygen
extraction of the brain, although Naulaers (2003) found
a close correlation between FTOE and actual fractional
oxygen extraction in a piglet model. Despite the fact that
absolute values cannot be provided by this method, signs
of cerebral hypoxia as indicated by a decrease in ScO2

and increase in FTOE provide important information in
the unstable preterm infant.

It may be possible that the lower arterial blood pres-
sures in infants with severe RDS and the frequently
occurring positive correlation between MABP and cere-
bral oxygenation and/or cerebral oxygen extraction in
these infants are merely associations, not directly linked
to RDS, being solely an expression of the severity of ill-
ness. We speculate that there are reasons to assume that
these findings may be causative and related to the
occurrence of RDS. In earlier studies of our group, in
which we reported lower arterial blood pressures and
increased blood pressure support (Krediet et al. 2002; van
Bel et al. 2004), we found a close relationship between
blood pressure and plasma-cyclic guanosine monophos-
phate (cGMP)-levels with significantly higher plasma
cGMP concentrations in RDS-infants. Moreover,
severity of RDS was positively linked with plasma cGMP-
levels in these studies. Since cGMPmediates endothelium-
dependent relaxation of the vascular bed, this may explain
the diminished vascular resistance often seen in sick pre-
term RDS infants (Kluckow and Evans 1996) with sub-
sequent lower blood pressures and increased need for
blood pressure support (Kluckow and Evans 1996). We
also found evidence that the involvement of pro-inflam-
matory processes in RDS (Ozdemir et al. 1997) with an
increased expression of inducible haeme oxygenase and
consequent production of carbon monoxide is responsible
for the increased plasma levels of vasodilatory cGMP
(van Bel et al. 2002; van Bel et al. 2004).

We have to take into account that other factors often
associated or related with RDS which may influence

haemodynamics, and by that cerebral oxygenation, were
not investigated. Among these the most important fac-
tors are probably PDA, the incidence of which was
significantly higher in the RDS-infants, and mechanical
ventilation-induced haemodynamic alterations such as
changes in left ventricular output (Kissack et al. 2004).
With respect to PDA, earlier studies showed that this
was not always a central factor in relation to blood
pressure (Krediet et al. 2002; van Bel et al. 2004; Kissack
et al. 2004). Moreover, in our clinical practice we are
very active and aggressive with respect to early diagnosis
and treatment of PDA in infants suffering from RDS.
We did not measure (left) ventricular output and the
effects of ventilation, PDA and indomethacin use were
not studied in detail. We are therefore not informed
about the importance of these variables in our obser-
vations. In particular, the effects of indomethacin may
be rather prolonged and may therefore have influenced
our measured variables. To fully appreciate these effects
a more detailed study will be necessary. Finally, no
clinical relevant differences in arterial carbon dioxide
levels were detected between infants with and without
RDS. The levels were measured every 4 h or more fre-
quent if necessary in the first 24 h of life and at least
twice a day thereafter and were always within the
physiological range and within narrow limits. However,
even small changes in arterial pCO2 may have an effect
on cerebral haemodynamics and by that on cerebral
oxygenation and/or oxygen extraction.

In summary, this study showed lower blood pressures
in infants with RDS, and a substantial need for blood
pressure support in these infants as compared to infants
without RDS. Moreover, there was a significantly larger
range of cerebral oxygenation and cerebral oxygen
extraction and a stronger relation between these cerebral
parameters and arterial blood pressure in infants suf-
fering from RDS in comparison with No-RDS infants.
This suggests more frequent periods of lack of cerebral-
vascular autoregulation in these RDS infants as
compared to No-RDS infants. This may explain the
predisposition to brain damage, in particular PIVH, in
infants with RDS. These findings further underscore the
importance of monitoring oxygenation and extraction in
the critically ill preterm infant with RDS.
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